Background: Treatment strategies for octogenarians with lung cancer remain controversial. The purpose of this study was to compare surgical outcomes and survival between octogenarians and younger patients with stage IA and IB lung cancer. Methods: We reviewed the medical records of 34 consecutive octogenarians and 457 younger patients (＜70 years) with stage I lung cancer who underwent surgical resection from January 2007 to December 2015. We analyzed the survival and surgical outcomes of the 2 groups according to the lung cancer stage (IA and IB). Results: The only significant differences in the clinicopathological features between the groups were the higher proportion of sublobar resection (56.3% vs. 18.9%) and the smaller number of dissected lymph nodes (LNs) in octogenarians. There was no significant difference in hospital stay (11 days vs. 9 days), pneumonia (5.8% vs 1.9%), or operative mortality (0% vs 0.6%) between the 2 groups. Among patients with stage IA lung cancer, 5-year recurrence-free survival was not significantly different between the octogenarians (n=16) and younger patients (n=318) (86.2% vs. 89.1%, p=0.548). However, 5-year overall survival was significantly lower in octogenarians than in younger patients (79.4% vs. 93.4%, p=0.009). Among patients with stage IB lung cancer, there was no significant difference in 5-year recurrence-free survival (62.1% vs. 73.5%, p=0.55) or overall survival (77.0% vs 85.0%, p=0.75) between octogenarians (n=18) and younger patients (n=139). In multivariable analysis, male sex, the number of dissected LNs, and tumor size were factors related to survival (hazard ratio [HR], 5.795; p=0.017; HR, 0.346, p=0.025; and HR, 1.699; p=0.035, respectively). Conclusion: Surgical outcomes and survival after pulmonary resection for stage I lung cancer were comparable in octogenarians and younger patients. Continued careful selection of octogenarians for pulmonary resection is important to achieve good results.
Introduction
With developments in health care in recent decades, the elderly population has also increased. Even the definition of the elderly population has changed, from 65 years to over 70 years [1] . Lung cancer is 
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− 313 − the leading cause of cancer-related deaths worldwide, and the number of older patients with lung cancer is growing faster than before. Roughly 14% of lung cancer patients have been reported to be aged 80 years or older [2, 3] .
The best choice for early-stage lung cancer is surgery. However, surgical treatment of lung cancer in elderly patients often leads to increased postoperative morbidity and poor quality of life [4] . The treatment strategies for lung cancer in octogenarians remain controversial. Treatment decisions are influenced by the patient's age, cancer stage, performance status, survival, and quality of life [5] .
To better understand the practical benefit of lung resection in patients older than 80 years and to determine guidelines and risk factors for treatment, we evaluated the surgical outcomes and survival after surgical resection in elderly patients with stage I non-small cell lung cancer (NSCLC) who underwent complete pulmonary resection. These results were compared with younger patients who had similar operative risks and underwent similar types of resections.
Methods
This was a retrospective observational study performed at a single center and approved by the hospital's institutional review board. We reviewed the medical records of 34 consecutive octogenarians (80 years and older) and 457 younger patients (70 years and younger) with pathologic stage IA and IB lung cancer (American Joint Committee on Cancer [AJCC] TNM, seventh edition) who underwent complete pulmonary resection from January 2007 to December 2015. Complete resection was defined as absence of macroscopic and microscopic residual cancer in the resection margin.
We compared the surgical outcomes and survival after surgical resection between patients with lung cancer who were aged 80 years and over and those with lung cancer who were aged 50-70 years. Patients with other pathologic types of cancer (except adenocarcinoma and squamous cell carcinoma), who underwent neoadjuvant chemotherapy, or in whom R0 resection failed were excluded.
The surgical procedures included wedge resection, segmentectomy, lobectomy, and bilobectomy. Sublobar resection included wedge resection and segmentectomy. Adjuvant treatment was performed when the tumor size was more than 4 cm and chest wall invasion was suspected, and when the resection margin was too close.
Clinicopathological and surgical characteristics such as age, sex, smoking history, other cancer history, serum carcinoembryonic antigen level, maximum standardized uptake value (SUVmax), preoperative pulmonary function tests including forced expiratory volume in 1 second and diffusing capacity for carbon monoxide, tumor location, tumor size, type of pulmonary resection, histology, differentiation, and number of dissected lymph nodes (LNs) were evaluated.
The surgical outcome variables were operative mortality, length of hospital stay, and perioperative complications such as prolonged air leakage, stroke, pneumonia, and respiratory distress that occurred before discharge.
All patients were followed from the day of surgery. They were examined by chest X-ray every 3 months and by chest computed tomography (CT) every 6 months for the first 2 years. Thereafter, they were examined by low-dose chest CT every 6 months until 5 years. After 5 years, they were examined by low-dose chest CT annually.
Overall cancer-related survival was compared between the octogenarians and the younger patients groups. An analysis was performed to determine the risk factors that influenced the survival of patients with stage IA and IB lung cancer.
Patients' characteristics and demographics were summarized, and the chi-square and Student t-tests were used to compare the characteristics of each group statistically. The probability of survival was estimated using the Kaplan-Meier method. The log-rank test was used to compare different curves statistically. A p-value less than 0.05 was considered to indicate statistical significance. All the significant variables from this univariate method, together with some other already established significant variables, were analyzed in a multivariate analysis using proportional hazard regression analysis for survival data.
Results

1) Patient characteristics
The median follow-up time for all patients was 3. 
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− 315 − Among the patients with stage IB lung cancer, the median age of the octogenarians (n=18) was 82.3±2.1 years, and that of younger group (n=139) was 62.6±5.5 years. There was no significant difference in any of the characteristics between the 2 groups. A comparison of the clinicopathological characteristics between the age groups of patients with stage IB NSCLC is shown in Table 2 .
2) In-hospital surgical outcomes Among the patients with stage IA lung cancer, no in-hospital mortality was observed in either group.
There was no significant difference in the complication rates between the 2 groups (31.3% versus 26.1%, p=0.771). Among the octogenarians, a respiratory complication occurred in 1 patient, and no neurologic complications were observed. The incidence of prolonged air leakage (for more than 7 days) was 25.0%.
Among the patients with stage IB lung cancer, there were no significant differences in the in-hospital mortality (0% versus 2.2%, p=1.0), hospital stay (12.9 versus 9.8 days, p=0.43), or complication rate (38.9% versus 31.7%) between the octogenarians and younger patients. No in-hospital mortality was observed among octogenarians with stage IA or IB lung cancer. The surgical outcomes of octogenarians and younger patients are presented in Table 3 .
3) Survival results
Among the patients with stage IA lung cancer, 5-year recurrence-free survival was not significantly different between the octogenarians (n=16) and younger patients (n=318) (86.2% versus 89.1%, p=0.548). However, 5-year overall survival was significantly lower in octogenarians than in younger patients (79.4% versus 93.4%, p=0.009) (Fig. 1) .
Among the patients with stage IB lung cancer, there was no significant difference in 5-year recurrence-free survival (62.1% versus 73.5%, p=0.55) or overall survival (77.0% versus 85.0%, p=0.75) be-
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− 317 − Values are presented as median±standard deviation or number (%). Values are presented as number (%). Locoregional recurrence was defined as recurrence within the ipsilateral hemithorax, including the pleura and mediastinal lymph nodes.
tween octogenarians (n=18) and younger patients (n=139) (Fig. 2) . The recurrence data are summarized in Table 4 .
Of the 34 octogenarians with stage I lung cancer who underwent pulmonary resection during follow-up, 6 died. Five of these deaths were cancer-related. One patient whose death was not associated with cancer died of pneumonia 11 months postoperatively, and the remaining patients died of recurrence and cancer progression after 1 year of survival.
In the multivariate analysis, the independent prognostic factors for overall survival after the pulmonary resection of stage I NSCLC included male sex (hazard ratio [HR], 5.795; p=0.017), number of dissected LNs (HR, 0.346; p=0.025), and tumor size (HR, 1.699; p=0.035). The prognostic factors for overall survival are summarized in Table 5 .
Discussion
Elderly lung cancer patients generally have multiple comorbidities, especially cardiopulmonary disorders, which make them high-risk groups for surgery. However, it is not ideal to include old age as a contraindication for surgical treatment of lung cancer, because physical ability varies substantially among individuals in each age group [6] .
In this study, we compared patients aged less than 70 years and those aged 80 years or older, excluding those aged 70 to 80 years in order to compare the effects of old age with a younger age group more clearly. Most stage I lung cancer patients who undergo surgery at the present time are in their late 70s. We therefore concluded that comparing outcomes according to age in all patients with stage I lung cancer would most likely not be effective because including patients in their late 70s would lead to a relatively small age difference for a comparison with patients older than 80 years. Lung cancer patients under the age of 50 were not included because there were fewer than 10 such patients.
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− 319 − In this study, we compared outcomes according to age based on a classification of patients into those with stage IA disease and those with stage IB disease. Stages IA and IB are known to have different prognoses, as has been shown in various studies. In this study, the prognosis of patients with stage IB disease was poorer. However, in our study data, the distribution of octogenarian patients was 4.8% in the stage IA group and 11.4% in the stage IB group. To reduce the bias caused by differences in stage, the outcomes were compared for each stage separately.
In this study, octogenarians with stage IA lung cancer had a higher sublobar resection rate and fewer dissected LNs than the younger group. This may have been due to concerns that elderly patients could experience greater morbidity from extended pulmonary resection and LN dissection.
Dell'Amore et al. [7] and Okami et al. [8] reported that octogenarians with stage I lung cancer with multiple comorbidities could be treated with sublobar resection, with equivalent in-hospital mortality and long-term survival compared with lobar resection, but with less postoperative morbidity.
Mizuguchi et al. [9] suggested that lung resection should be performed without complete mediastinal LN dissection in octogenarians since mediastinal LN dissection has little effect on long-term survival and poses the risk of worsening a patient's performance status at discharge. Okami et al. [10] suggested dissection of mediastinal LN was an independent risk factor for postoperative complications.
In our study, there was no in-hospital mortality among octogenarians after the resection of stage IA lung cancer, and there was no significant difference in the incidence of major complications as compared with younger patients. The above results seem reasonable, as only octogenarian patients with a low In the recent, several authors have demonstrated acceptable results in terms of in-hospital mortality and long term prognosis after pulmonary resection in octogenarians. In 2007, Dominguez-Ventura et al. [11] reported an operative mortality rate of 6.3% in 379 octogenarians who underwent pulmonary resection for early lung cancer. A French nationwide review demonstrated a 30-day mortality rate of 6.5% in 622 patients aged ＞80 years [12] . In 2011, Fanucchi et al. [13] reported a postoperative mortality rate of 2.4% in 82 patients aged ＞80 years.
In our study, recurrence-free survival in stage IA lung cancer was not different between the 2 groups, but overall survival was lower in octogenarians than in younger patients. A lower 5-year survival rate in octogenarians is expected because these patients have a lower life expectancy than younger patients. In addition, higher cancer-related survival after complete resection of stage IA lung cancer may have contributed to the overall survival difference between the 2 groups.
Among patients with stage IB lung cancer, there were no significant differences in any characteristics between the 2 groups, and there was no difference in the sublobar resection rate or the number of LNs dissected. Despite the high potential for morbidity, the standard procedure was also performed in octogenarians to achieve appropriate oncological outcomes. Nevertheless, it was also confirmed that the complication rate and in-hospital mortality rate of octogenarians were low, with no significant difference from the younger group. The octogenarians who underwent surgery in this study showed good pulmonary function and relatively few comorbidities. The aggressive selection of surgical patients may have influenced the good surgical outcomes. Among patients with stage IB lung cancer, overall survival and recurrence-free survival were not significantly different between the 2 groups.
In the multivariable analysis, male sex, number of dissected LNs, and tumor size were factors related to survival (HR, 5.795; p=0.017; HR, 0.346; p=0.025; and HR, 1.699; p=0.035, respectively). Age, type of resection, and adjuvant treatment were not risk factors for overall survival. In the multivariable analysis of overall survival, we did not distinguish between stage IA and IB because we included the tumor size and visceral pleura invasion, which are the criteria for IA and IB in the AJCC TNM seventh edition staging system. Some limitations to this study must be acknowledged. First, it was a retrospective study. Second, octogenarians who underwent surgery were selected more carefully in terms of preoperative morbidity and performance status. In addition, the number of octogenarians was smaller than that of the younger patients.
In conclusion, surgical outcomes and recurrencefree survival after pulmonary resection for stage I lung cancer were comparable in octogenarians and younger patients. Older age is therefore not a contraindication to surgical resection for NSCLC.
The postoperative mortality rate has continuously improved, so surgical treatment can be considered as a safe option for elderly patients with early-stage lung cancer. However, thorough preoperative work-up and selection are important for safe and satisfactory results. The role of surgery in elderly patients with advanced-stage lung cancer remains unclear, and further studies are certainly needed.
